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Abstract: Obsessive-compulsive disorder (OCD) is rarely associated with schizophrenia, whereas 20 to 30% of 
schizophrenic patients, suffer from comorbid obsessive-compulsive symptoms (OCS). So far no single pathogenetic 
theory convincingly explained this fact suggesting heterogeneous subgroups. Based on long-term case observations, 
one hypothesis assumes that second-onset OCS in the course of schizophrenia might be a side effect of second generation 
antipsychotics (SGA), most importantly clozapine (CLZ). This review summarizes the supporting epidemiological and 
pharmacological evidence: Estimations on prevalence of OCS increase in more recent cross-sectional studies and in later 
disease stages. Longitudinal observations report the de novo-onset of OCS under clozapine treatment. This association has 
not been reported with first generation antipsychotics (FGA) or SGAs with mainly dopaminergic mode of action. Finally, 
significant correlations of OCS-severity with duration of treatment, dose and serum levels suggest clozapine-induced 
OCS. However, supposed causal interactions need further verifications. It is also unclear, which neurobiological mecha- 
nisms might underlie the pathogenetic process. Detailed genotypic and phenotypic characterizations of schizophrenics 
with comorbid OCS regarding neurocognitive functioning and activation in sensitive tasks of functional magnetic imaging 
are needed. Multimodal large-scaled prospective studies are necessary to define patients at risk for second-onset OCS and 
to improve early detection and therapeutic interventions. 
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OBSESSIVE-COMPULSIVE SYMPTOMS IN SCHIZO- 
PHRENIA 

Schizophrenic patients have a high lifetime risk for co- 
morbid obsessive-compulsive symptoms (OCS). Several 
epidemiological studies report that 20 to 30% suffer from 
obsessive, distressing, intrusive thoughts and related com- 
pulsions (e.g. repeated hand washing, checking behaviour, 
counting or cleaning) conceived as attempts to neutralize 
the obsessions [1-5]. A large proportion of schizophrenics 
with OCS fulfil current diagnostic criteria of obsessive- 
compulsive disorder (OCD). In contrast, primary OCD- 
patients most frequently present comorbid affective or anxi- 
ety disorders and only 1.7% suffer from comorbid psychotic 
symptoms [6]. Comorbid OCS in schizophrenia is associated 
with pronounced positive and negative symptoms [7], lower 
levels of social functioning, higher treatment costs, worse 
social and vocational rehabilitation. Consequently they have 
a less favourable prognosis [8-11], in particular if recent 
concepts of response, remission and recovery [12,13] are 
applied. These well-documented facts correct former con- 
cepts, where comorbid OCS in schizophrenia were assumed 
to have protective effects regarding psychotic desintegration 
[14-18]. It is worth noting, that somatic obsessions and 
hoarding might indeed compensate psychotic anxiety and 
disorganization [11]. 
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PATHOGENETIC THEORIES 

The considerably high coincidence of OCS and schizo- 
phrenia deserves a neurobiological explanation, but so far the 
pathogenetic processes of this comorbidity could not be 
clearly unravelled. 

Several heterogeneous theories have been proposed: A 
small minority of patients might coincidently suffer from 
both schizophrenia and OCS, representing random associa- 
tions of two common disorders. 

Within the spectrum of OCD, the concept of "schizotypic 
OCD" has been described [19,20] integrating the assumption 
that primary OCD-patients present cognitions that migrate on 
a spectrum between obsessions and delusions. A similar con- 
cept of "obsessions without insight" was integrated into cur- 
rent diagnostic systems making the differentiation between 
obsessions and delusions more difficult. OCD-patients with- 
out insight might represent a subgroup with genetic, pheno- 
typic and therapeutic vicinity to the schizophrenia-spectrum 
[21,22]. Using stepwise regression models, Guillem et al. 
showed positive correlations between delusions and obses- 
sions, as well as hallucinations and compulsions suggesting 
common pathogenetic mechanisms [11]. 

Within the spectrum of schizophrenia, a so-called 
"schizo-obsessive" subtype of psychosis has been proposed 
[23-27]; specific subtypes of OCS were perceived as part of 
the basic symptom cluster in the early course of schizophrenia 
[28,29]. 
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Furthermore, catatonic symptoms of schizophrenia 
overlap with the obsessive-compulsive phenotype [30]. This 
circumstance limits the precision of psychometric scales 
such as the catatonia rating scale (CRS) [31] and the Yale- 
Brown-Obsessive-Compulsive Scale (YBOCS) [32,33]. 
However, descriptions of the natural long-term course of 
schizophrenia, for instance published by Karl Leonhard 
[34], allow clear discrimination between OCS and catatonic 
symptoms most importantly in patients with so-called 
"manierierte Katatonie" and do not support the view that 
OCS might be a part of the residual state. 

The summarised pathogenetic concepts are matters of 
current discussion. They strongly suggest a dimensional per- 
spective on OCS and psychosis with heterogeneous sub- 
groups. Progress in pathogenetic understanding and thera- 
peutic implications will be achieved if differential pheno- 
typic correlates can be defined for homogeneous samples. A 
remarkably simple clinical assessment of three important 
events allows a rough, but useful categorization of comorbid 
patients: 1. When did the first psychotic manifestation occur? 
2. When was antipsychotic treatment initiated? 3. When did 
OCS develop or showed - if pre-existing - a marked aggra- 
vation? 

SECOND-ONSET OCS INDUCED BY ANTISERO- 
TONERGIC ANTIPSYCHOTICS 

Applying the above mentioned characterization by clini- 
cal events, a subgroup of comorbid patients is defined by the 
order 1 - 2 - 3: These patients experienced the de novo-onset 
of OCS or a marked aggravation of OCS severity after 
treatment initiation with second generation antipsychotics 
(SGA), most importantly clozapine (CLZ). Noteworthy, 
SGA carry the important pharmacodynamic feature of bal- 
anced antidopaminergic and antiserotonergic properties that 
markedly exceed 5HT-receptor blockade by first generation 
antipsychotics (FGA) [35,36]. Starting with the observations 
of Baker et al. [37] and De Haan et al. [38] the hypothesis 
of SGA-induced OCS first came up [39]. Since then 
several studies support this assumption, especially for CLZ 
[40-42]. 

Nevertheless, CLZ must be considered a necessary and 
indispensable part of the antipsychotic armament [43,44]. As 
early as 1988, Kane et al. provided first evidence that CLZ 
might improve treatment resistant psychoses [45]. Today its 
antipsychotic efficacy has been demonstrated to be superior 
in the treatment of refractory schizophrenia, in independent 
investigations [46], including the CATIE-study [47]. There- 
fore, CLZ is the antipsychotic of first choice in treatment 
resistant schizophrenia. In addition, the substance embarks 
important protective effects against suicidal behaviour result- 
ing in lowest mortality of schizophrenics as documented in 
the large, naturalistic FIN 11 -study [48]. However, the de novo 
occurrence or exacerbation of OCS has most often been ob- 
served during treatment with CLZ [39,41] and several epi- 
demiological and pharmacological arguments support the 
attribution of pro-obsessive effects. This review aims at 
summarizing the evidence for OCS-induction by CLZ 
in order to provide a basis for pathogenetic considerations 
and the design of further clinical trials. For this task, we sys- 
tematically screened medical databases (Medline OVID, 
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PSYNDEX and PsycINFO) for publications until June 2011 
using the keywords ("schizophrenia" or "Psychosis" or "psy- 
chotic disorder") linked with ("OCD" or "obsessive" or 
"compulsive"). Within these results, we selected publications 
that address the question of SGA- and more specifically 
clozapine-induced OCS in schizophrenia. Studies were 
categorized according to epidemiological (see Table 1) and 
pharmacological (see Table 2) arguments. 

EPIDEMIOLOGY 

Epidemiological studies on OCS in schizophrenia (Table 
1) differed markedly in sample properties, applied psycho- 
metric procedures and diagnostic criteria. Furthermore, a 
potential publication bias and changes of general awareness 
over time have to be considered. Nevertheless, several 
conclusions can be drawn: 

Increase of OCS Prevalence after Market Approval of 

SGAs 

The interrelations between psychotic disorders and OCS 
were first described by Westphal [17], but not before the last 
decades of the 20 th century notable concern about this prob- 
lem arose. As summarized by Mukhopadhaya et al. [3], 
estimations on prevalence of OCS in schizophrenia vary 
between 0.5 and 55% [3]. Only a minority of investigations 
report high comorbidity rates in samples under FGA treat- 
ment [49-52], but the awareness of OCS in schizophrenia 
increased with the market introduction of CLZ in the 1970ies 
in Europe and the late 1980ties in the USA [43,53]. CLZ 
differed from FGAs due to pharmacodynamic properties as 
a potent serotonergic antagonist [35,36]. Simultaneously 
estimations about prevalence of comorbid OCS rose up to 
30% [2-5]. 

Increase of OCS Prevalence after First Onset of Psychosis 

Prevalence estimations of OCS in samples at ultra high 
risk for psychosis [54,55] or in first episode patients (FEP) 
[56] are considerably lower. Reported comorbidity rates 
range from 7% in a sample of 200 FEPs [42] over 9.3% in 
193 [57] up to 14% in 50 FEPs [56]. In a study by Shioiri 
et al. only 3 of 219 patients were diagnosed with OCD 
at onset of psychosis [58] and within 121 recent onset 
psychotic disorders only 1.3% showed OCS under treatment 
with antipsychotics excluding CLZ [38]. These prevalence 
rates in early stages of the disease markedly contrast with 
high comorbidity rates in cross-sectional studies of mixed 
disease stages [2-5], suggesting that a significant proportion 
develops OCS during or even as a consequence of anti- 
psychotic treatment. 

Onset of de novo OCS during Antipsychotic Treatment 

Several case reports [59,60], cases series [61] and sys- 
tematic evaluations [38,39,42] describe the de-novo emer- 
gence of OCS during the treatment with atypical antipsy- 
chotics. As described in Table 1, De Haan et al. reported 
OCS development within several months after treatment 
initiation with CLZ in 20.6% of recent-onset patients [38]. 
Poyurovski et al. estimated that up to 70% of schizophrenics 
treated with antiserotonergic SGAs such as CLZ, olanzapine 
or risperidone develop secondary OCS [1]. Independent 
studies report equally high numbers of SGA-induced OCS 
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Argument 


References 


Number of Patients 
and Clinical 
Characterization 


Design 


Main Findings 


Increase of prevalence from prodromal states over first episode 
samples to chronic course of schizophrenia 


At risk mental 
state samples 


Rubino et al. 
2009 [55] 


197 Schizophrenic 
patients 


Retrospective assessment of 
morbidity before the age of 18 


8 % of schizophrenic patients suffer from OCD 
before age of 18 


Niendam et al. 
2009 [54] 


64 UHR-patients 


Cross-sectional survey using SIPS 
and Padua-inventory 


20 % of UHR patients report OCS. This 
comorbid subgroup, however, shows a 
lower risk for conversion into psychosis. 


First episode patients 


De Haan et al. 
2004 [42] 


196 FEP 


Retrospective chart study 


7 % of FEPs showed OCS at first manifestation. 


Shioiri et al. 
2007 [58] 


219 FEP 


Retrospective assessment 
of OCS-prevalence 


3 % of FEPs showed OCS in the prodromal phase 
and 1.5 % fulfil diagnostic criteria for OCD at 
first manifestation 


Poyurovsky et al. 
1999 [56] 


50 FEP 


Cross-sectional assessment of OCD 
comorbidity 


At first manifestation of psychosis, 14 % fulfil 
criteria for OCD. 


Sterk etal. 2011 [57] 


194 FEP 


Cross-sectional assessment of OCS 
comorbidity 


At first manifestation of psychosis, 9.3 % fulfil 
criteria for OCD. 


Schizophrenic patients 


Mukhopadhaya et al. 
2009 [3] 


1972 


Review of studies reporting on OCS 
prevalence in schizophrenia 


High variability. Mean prevalence of 22 % 
reviewing data on 1972 patients. 


Buckley etal. 2009 
[2] 


3656 


Review of studies reporting on OCS 
prevalence in schizophrenia 


Mean prevalence of 23 %. 


Lysaker et al. 2009 
[4] 


Not specified 


Review of studies reporting on OCS 
prevalence in schizophrenia 


Amongst schizophrenic patients, more than one 
third suffers from clinically significant OCS, 10 
to 25 % meet diagnostic criteria of OCD 


De novo onset or exacerbation of OCS during 
antipsychotic treatment 


Case reports Zink 
et al. 2006 and 2007 
[59,60] and 

Case series Englisch 
etal. 2009 [61] 




Longitudinal observation of 
course of illness 


First manifestation and start of antipsychotic 
treatment precede onset of OCS 


De Haan etal. 1999 
[38] 


121 recent-onset 
schizophrenic patients 


Longitudinal observation of course of 
illness 


Emergence or increase of OCS in 1.3 % of 
non-clozapine treated and 20.6 % of 
clozapine-treated patients 


T vlcnurfis ft til 900^ 
[39] 


'sfhizonhrpnia 
patients 


Svstematir review of nnhlisheH rjisp 
reports 


TTntil 9003 fie nnvn onset or exacerbation of 
OCS had been published regarding clozapine 
(N=30), risperidone (N=16), olanzapine 
(N=8) and quetiapine (N=l) 


De Haan et al. 2004 
[42] 


200 recent-onset 

schizophrenic 

patients 


Longitudinal observation of course of 
illness 


Emergence or increase of OCS in 0 % of 
non-clozapine treated and 9.8 % of clozapine- 
treated patients. 


Proportion of SGA-induced 
OCS within the complete 
comorbid sample 


Lin etal. [63] 


CLZ: 102 


Cross-sectional: Stratification for 

PT 7-trpntmpnt with nr without OPS 
I^LjZj- 11 CailllCll L Willi \Jl WILllULll V I\ . ) 


Within 39 clozapine-treated patients with OCS, 

L7 WC1C ClabMllCLl as ciuzdpiiie-iniiuccii. 


Lim et al. 2007 [64] 


Total sample: 
209, comorbid 
subsample: 26 


Cross-sectional. Stratification for SZ 
with or without OCS 


Within 26 schizophrenics with SGA-associated 
OCS, only 3 had a history of transient OCS 
before the onset of psychosis 


Schirmbeck et al. 
2011 [62] 


CLZ: 26 
OLZ: 13 


Cross-sectional. Stratification for 
treatment with SGAs in monotherapy 


Within 39 patients, 28 showed OCS, but only 3 
reported OCS before or at onset of psychosis. 



Epidemiological evidence in favour of an increase of OCS-prevalence during course of illness suggests the de novo-onset of an SGA-induced side effect. Abbreviations: FEP: first 
episode schizophrenic patients; FGA: first generation antipsychotics; OCD: obsessive compulsive disorder; OCS: obsessive compulsive symptoms; OLZ: olanzapine; SGA: second 
generation antipsychotics; SIPS: Structured interview for prodromal symptoms; SZ: schizophrenia and schizophrenia spectrum disorders; UHR: Ultra high risk 
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Argument 


Reference 


Number of Patients 


Design 


Main Findings 


Association of CLZ 
with comorbid OCS 


Lim et al. 2007 
[64] 


Total sample: 209, 
comorbid subsample: 26 


Cross-sectional. Stratification 
for SZ with or without OCS 


CLZ-treatment in 35.9 % of the total sample, 
but in 76.9 % of the comorbid patients 


Association of OCS with 
OLZ or CLZ 


Sa et al. 2009 
[7] 


CLZ: 40 
HAL: 20 


Cross-sectional. Stratification 
for treatment with CLZ or HAL 


Prevalence of OCS 20 % (CLZ) vs. 10 % 
(HAL). Higher severity of OCS with CLZ 


Ertugrul at cil 
2005 [65] 


CLZ: 50 


Cross-sectional Stratification 
of treatment with CLZ 


Within 50 patients treated with CLZ, 76% 
showed OCS. 20 % reported retrospectively 
de novo onset and 18 % an exacerbation. 


Schirmbcck 
etal. 2011 [62] 


CLZ: 26 
OLZ: 13 
AMS: 15 
APZ:16 


Cross-sectional. Stratification 
for treatment with SGAs in 
monotherapy 


Prevalence of OCS 71.8 % in CLZ or OLZ 
vs. 9.7 % in AMS or APZ. Highest severity 
of OCS with CLZ 


Correlation of OCS 

with 
duration of treat- 
ment 


Lin et al. [63] 


CLZ: 102 


Cross-sectional: Stratification 
for CLZ- treatment with or 
without OCS 


Duration of CLZ-treatment significantly 
longer in CLZ-OCS-patients (82 vs. 56 
months), no difference in duration of illness 


Schirmbeck 
et al. [62] 


CLZ: 26 


Cross-sectional: Stratification 
for CLZ-monotherapy 


Duration of CLZ-treatment correlates posi- 
tively with OCS severity (YBOCS, R=0.59). 


Correlation of OCS with CLZ-dosage 
or plasma concentration 


Reznik et al. 
[41] 


N=15 


Cross-sectional: Stratification 
for CLZ- therapy 


Dosage-related, pro-obsessive influence of 
CLZ 


Mukhopadhaya 
etal. 2009 [3] 


N=59 


Cross-sectional: Stratification 
for CLZ- therapy 


Higher CLZ-dosage in patients with comor- 
bid OCS (432 mg/day) than without (35 1 
mg/day) 


Schirmbeck 
et al. [62] 


CLZ: 26 


Cross-sectional: Stratification 
for CLZ-monotherapy 


CLZ-dosage correlates positively with OCS 
severity (YBOCS, R=0.50). 


Lin et al. [63] 


CLZ: 102 


Cross-sectional: Stratification 
for CLZ- treatment with or 
without OCS 


Higher plasma concentrations in CLZ-treated 
patients with OCS (595 ng/L) than without 
OCS (434 ng/L). 


Improvement after CLZ 
dose-reduction 


Rocha et al. 
2006 [77] 


3 


Longitudinal observation of 
OCS severity 


Reduction of OCS severity after CLZ down- 
tapering in combination with APZ 


Zink etal. 2006 
[59] 


1 


Longitudinal observation of 
OCS severity 


Reduction of OCS severity from YBOCS 24 
to 19 after reduction of CLZ from 500 to 250 
mg/die and combination with APZ (30 mg) 


Englisch et al. 
2009 [61] 


7 


Longitudinal observation of 
OCS severity 


Reduction of OCS severity from YBOCS 19 
to 12 after reduction of CLZ from 364 to 293 
mg/die and combination with APZ (23 mg) 



Pharmacological evidence in favour of an association between clozapine-treatment and OCS. Abbreviations: AMS: amisulpride; APZ: aripiprazole; CLZ: clozapine; FGA: first gen- 
eration antipsychotics; HAL: haloperidol; OCS: obsessive compulsive symptoms; OLZ: olanzapine; SGA: second generation antipsychotics; SZ: schizophrenia and schizophrenia 
spectrum disorders; YBOCS: Yale-Brown-Obsessive-Compulsive Scale. 



within samples of comorbid patients: 25 of 28 [62], 29 of 39 
[63] and 23 of 26 [64]. 

Extending the perspective from epidemiology to pharma- 
cology, further arguments have to be considered (see Table 2 
for summary). 

PHARMACOLOGICAL EVIDENCE: 

Higher Prevalence of OCS in Patients Treated with CLZ 

The risk of suffering from OCS markedly differs if pa- 
tients are stratified according to their mode of antipsychotic 
treatment. High prevalence in groups treated with CLZ 



markedly contrast with lower prevalence and severity of OCS 
for example in patients treated with the FGA haloperidol 
(HAL) [7]. Ertugrul et al. reported a prevalence of 76% for 
OCS in clozapine-treated patients and based on retrospective 
assessment de novo onset or exacerbation in 38% of them 
[65]. Within SGAs, marked differences exist in specific 
pharmacodynamic properties, in particular regarding inherent 
serotonergic blockade, monoaminergic reuptake inhibition 
or even partial serotonergic agonism [66-70]. The partial 
dopaminergic and serotonergic agonist aripiprazole per se 
was associated with an inherent anti-obsessive potency 
[59,61,71-73], quite similar to amisulpride, a substance with 
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nearly exclusive affinity to dopamine D3/D2 receptors 
[74,75]. Our workgroup conducted a cross-sectional analysis 
of 70 schizophrenic patients under monotherapy with CLZ or 
olanzapine (group I) vv amisulpride or aripiprazole (group 
II). Results showed that 71.8% of group-I-patients suffered 
from OCS while only 9.7% of patients in group-II reported 
OCS. In cohort I, 16 of 39 investigated patients (41%) 
reported YBOCS scores above 16 representing clinically 
meaningful OCS [62]. Vice versa, a stratification of 
schizophrenics according to presence or absence of comorbid 
OCS revealed CLZ treatment in 76.9% versus 35.9% [64]. 
These results strongly suggest associations between CLZ 
treatment and OCS development. However, confounding 
effects due to the selection of specific SGAs for specific 
subgroups need to be considered. 

INFLUENCE OF DURATION OF TREATMENT 
WITH ANTISEROTONERGIC SGAS ON OCS 

Lin et al. compared CLZ-treated patients with and with- 
out comorbid OCS and reported no difference in duration 
of illness, but significantly longer CLZ treatment [63]. 
Similarly, a positive correlation of OCS severity, with 
duration of treatment, was found for the subgroup of 
CLZ treated schizophrenics in our sample mentioned above 
[62]. Parallel observations were reported by De Haan et al. 
regarding the closely related SGA olanzapine: Severity 
of OC symptoms significantly correlated with duration of 
olanzapine treatment [76]. 

INFLUENCE OF TREATMENT DOSE AND BLOOD 
SERUM LEVELS OF CLZ ON OCS SEVERITY 

In addition to the association with duration of treatment, 
a positive correlation between dose or serum levels of CLZ 
and severity of OCS has been reported in independent sam- 
ples [3,41,63]. In line with these previous results, we found 
positive correlations between the daily dose of CLZ and 
OCS severity [62]. 

REDUCTION OF OCS SEVERITY AFTER DOSE 
REDUCTION 

OCS during treatment with CLZ often markedly improve 
after dose reduction, for instance due to combinations 
with other SGAs such as aripiprazole [59,61,77]. This might 
be an indirect hint towards a suggested dose-related side 
effect of CLZ. However, because aripiprazole itself exerts 
anti-obsessive effects due to its partial dopaminergic and 
serotonergic agonism, evidence from combination trials is 
limited. 

In summary, comorbid OCS in schizophrenia is clearly 
associated with the antiserotonergic SGA CLZ. Pharmacol- 
ogical arguments based on correlations between OCS sever- 
ity and dosage as well as duration of CLZ application indi- 
cate a causal interaction and suggest OCS induction as a 
side-effect. The SGA CLZ may therefore carry pharmacody- 
namic features that justify the characterization as a 'switch 
from psychotic to obsessive'. Specific individual conditions, 
such as the subtype of schizophrenia, the stage of the illness, 
any affective comorbidity, and a family history for anxiety 
disorders might modify the liability to develop OCS during 
CLZ treatment. 



However, conflicting results exist: Several authors re- 
ported OCS reduction in schizophrenia after the addition of 
CLZ [78] or after an increase in dosage [39]. These diverg- 
ing findings might be due to the mentioned diagnostic diffi- 
culties in differentiating between OCS and delusional or 
catatonic symptoms of schizophrenia and the heterogeneity 
within comorbid clinical samples. 

For patients with primary OCD, exhibiting treatment- 
resistance to serotonergic antidepressants, favourable effects 
of SGAs, including those with antiserotonergic properties 
such as risperidone, have been reported [79-81]. However, 
even here, current treatment guidelines do not recommend 
CLZ as an augmentation for treatment-resistant OCD. Stan- 
dard research strategies to evaluate causal interactions are 
p/ace/w-controlled, randomized, prospective trials. However, 
for ethical and legal reasons, this design can not be applied 
to interventions involving CLZ. Therefore, psychiatric re- 
search in this field is faced with a vicious circle that cannot 
be overcome by merely cross-sectional perspectives: OCS 
comorbidity is associated with CLZ treatment - CLZ is the 
SGA of choice for treatment resistant schizophrenia, the 
most severely affected patients - severe psychotic positive 
and negative symptoms are associated with OCS - OCS co- 
morbidity is associated with CLZ. Only prospective, multi- 
dimensional investigations in sufficiently homogeneous samples 
can help to differentiate between causes and consequences. 

MECHANISM OF ACTION 

Within the current pathogenetic theories of obsessions 
and compulsions, a dysregulation of serotonergic neuro- 
transmission in a network comprising cortical, striatal and 
thalamic centres has been proposed [82]. It is assumed that 
CLZ induces OCS due to its strong inherent antiserotonergic 
properties [43,44,83], most importantly the antagonism at 5- 
HT1C, 5-HT2A and 5HT2C receptors [69,84,85]. This the- 
ory is in line with therapeutic effects of SSRIs (serotonin 
specific reuptake inhibitors) and changes of serotonergic 
neurotransmission after successful cognitive behavioural 
therapy (CBT) in OCD [86,87]. Reciprocal interactions of 
antipsychotics with dopaminergic and serotonergic receptors 
leading to altered glutamatergic neurotransmission must also 
be considered [68]. In addition to the pharmacodynamic 
mechanism, it might be discussed whether specific genetic 
properties dispose schizophrenic patients to develop secon- 
dary OCS during treatment with SGAs. One candidate poly- 
morphism has been located in the gene SLC1A1 (former no- 
menclature EAAC1: excitatory amino acid carrier 1) encod- 
ing the neuronal glutamate transporter which has been inde- 
pendently associated with a genetic risk for OCD [88-90]. In 
a genetic association study with this candidate gene, Kwon et 
al. [40] reported significant associations of specific SNPs 
(single nucleotide polymorphisms) with the development of 
OCS during treatment with SGAs, but a replication approach 
in a Caucasian sample was unable to confirm these results 
[91]. 

NEUROCOGNITIVE CHARACTERIZATION OF 
COMORBID PATIENTS 

Neurocognitive comparisons between schizophrenics 
with and without OCS revealed several qualitative and quan- 
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titative domain specific differences, but detailed characteri- 
zation of patients with SGA-induced OCS is still needed. In 
general pronounced cognitive deficits in OCS patients have 
been reported for domains of visual memory and executive 
functioning [4,92-96]. Accordingly, we found marked im- 
pairment in our CLZ-treated OCS-positive patients in visual 
memory, impulse inhibition, perseveration and set-shift abili- 
ties [62]. These cognitive deficits correlated with OCS sever- 
ity and might therefore be linked to the pathomechanism of 
OCS in schizophrenia. In the future, neurocognitive assess- 
ment prior or during antipsychotic treatment might help to 
define patients at risk for secondary OCS and provide impor- 
tant information for clinical decisions. The detection of OCS 
during early stages of treatment, is particularly important, 
since recent studies showed that up to 50% of patients suffer- 
ing from comorbid OCS were previously undiagnosed dur- 
ing routine psychiatric treatment [3] . 

CONCLUSIONS 

Comorbid OCS in schizophrenia are a common clinical 
problem. For a subgroup of these patients, several lines of 
evidence strongly suggest an induction of second-onset OCS 
during CLZ treatment. For legal and ethical reasons, this 
hypothesis cannot be addressed in randomized controlled 
trials of first-episode patients. We therefore suggest longitu- 
dinal follow-up investigations of groups defined by their 
psychopharmacological treatment in a head-to-head design 
and comparisons of within-group changes of OCS over time. 
These approaches will be able to corroborate the hypothesis 
of CLZ-induced OCS and pin down prodromal and early 
signs of comorbid OCS through neurocognitive characterisa- 
tions and functional neuroimaging. In terms of therapeutic 
implications several approaches have been suggested [97]. 
Regarding pharmacological interventions preliminary evi- 
dence shows positive effects of CLZ dose reduction after 
augmentation with mood stabilizers [60,98] or in combina- 
tion with anti-obsessive SGAs [59,61,77]. However no 
treatment guidelines exist so far and clinical trials on cogni- 
tive, behavioural therapy are completely missing. 
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